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Description 

[DOWNHOLE SAMPLING APPARATUS 
AND METHOD FOR USING SAME] 

Cross Reference to Related Applications 

[0001] This application claims priority, under 35 U.S.C. § 119, to 
Provisional Application Serial No. 60/511,212, filed on 
October 15, 2003, incorporated by reference in its en- 
tirety. 

Background of Invention 
[0002] Field of the Invention 

[0003] This invention relates generally to the evaluation of a for- 
mation penetrated by awellbore. More particularly, this 
invention relates to downhole sampling tools capable of 
collecting samples of fluid from a subterranean formation. 

[0004] Description of the Related Art 

[0005] The desirability of taking downhole formation fluid sam- 
ples for chemical and physical analysis has long been rec- 
ognized by oil companies, and such sampling has been 



performed by the assignee of the present invention, 
Schlumberger, for many years. Samples of formation fluid, 
also known as reservoir fluid, are typically collected as 
early as possible in the life of a reservoir for analysis at 
the surface and, more particularly, in specialized labora- 
tories. The information that such analysis provides is vital 
in the planning and development of hydrocarbon reser- 
voirs, as well as in the assessment of a reservoir"s capac- 
ity and performance. 

[0006] The process of wellbore sampling involves the lowering of 
a downhole sampling tool, such as the MDT^"^ wireline for- 
mation testing tool, owned and provided by Schlum- 
berger, into the wellbore to collect a sample (or multiple 
samples) of formation fluid by engagement between a 
probe member of the sampling tool and the wall of the 
wellbore. The sampling tool creates a pressure differential 
across such engagement to induce formation fluid flow 
into one or more sample chambers within the sampling 
tool. This and similar processes are described in U.S. 
Patents Nos. 4,860,581; 4,936,139 (both assigned to 
Schlumberger); 5,303,775; 5,377,755 (both assigned to 
Western Atlas); and 5,934,374 (assigned to Halliburton). 

[0007] Various challenges may arise in the process of obtaining 



samples of fluid from subsurface formations. Again with 
reference to the petroleum-related industries, for exam- 
ple, the earth around the borehole from which fluid sam- 
ples are sought typically contains contaminates, such as 
filtrate from the mud utilized in drilling the borehole. This 
material often contaminates the clean or "virgin" fluid 
contained in the subterranean formation as it is removed 
from the earth, resulting in fluid that is generally unac- 
ceptable for hydrocarbon fluid sampling and/or evalua- 
tion. As fluid is drawn into the downhole tool, contami- 
nants from the drilling process and/or surrounding well- 
bore sometimes enter the tool with fluid from the sur- 
rounding formation. 
[0008] To conduct valid fluid analysis of the formation, the fluid 
sampled preferably possesses sufficient purity to ade- 
quately represent the fluid contained in the formation (ie. 
"virgin" fluid). In other words, the fluid preferably has a 
minimal amount of contamination to be sufficiently or ac- 
ceptably representative of a given formation for valid hy- 
drocarbon sampling and/or evaluation. Because fluid is 
sampled through the borehole, mudcake, cement and/or 
other layers, it is difficult to avoid contamination of the 
fluid sample as it flows from the formation and into a 



downhole tool during sampling. A challenge thus lies in 
obtaining samples of clean fluid with little or no contami- 
nation. 

[0009] Various methods and devices have been proposed for ob- 
taining subsurface fluids for sampling and evaluation. For 
example, US Patent Nos. 6,230,557 to Ciglenec et al., 
6,223,822 to Jones, 4,416,152 to Wilson, 3,611,799 to 
Davis and International Pat. App. Pub. No. WO 96/30628 
have developed certain probes and related techniques to 
improve sampling. Other techniques have been developed 
to separate virgin fluids during sampling. For example, 
U.S. Patent Nos. 6,301,959 to Hrametz et al. and discloses 
a sampling probe with two hydraulic lines to recover for- 
mation fluids from two zones in the borehole. Borehole 
fluids are drawn into a guard zone separate from fluids 
drawn into a probe zone. US Patent Application Serial No. 
10/184833, assigned to the assignee of the present in- 
vention, provides additional techniques for obtaining 
clean fluid as the formation fluid is drawn into the down- 
hole tool. Despite such advances in sampling, there re- 
mains a need to develop techniques for fluid sampling 
that optimize the quality of the sample. 

[0010] In considering existing technology for the collection of 



subsurface fluids for sampling and evaluation, there re- 
mains a need for apparatuses and methods capable of re- 
moving contaminated fluid and/or obtaining acceptable 
formation fluid. It is, therefore, desirable to provide tech- 
niques for removing contamination from the downhole 
tool so that cleaner fluid samples may be captured. It is 
also desirable to have a system that optimizes the pump 
utilization and the contamination level of the sample, 
while reducing the chances of the tool getting stuck. The 
present invention is directed to a method and apparatus 
that may solve or at least reduce, some or all of the prob- 
lems described above. 
Summary of Invention 

[0011] A method and apparatus is provided to sample formation 
fluid. A downhole sampling tool draws formation fluid 
from the subterranean formation into the downhole tool. 
The fluid is drawn into the tool with a pump and collected 
in a sample chamber. Once the contaminated fluid sepa- 
rates from the formation fluid, the contaminated fluid is 
removed from the sample chamber and/or the formation 
fluid is collected in a sample chamber. The fluid may be 
separated by waiting for separation to occur, agitating the 
fluid in the sample chamber and/or by adding demulsify- 



ing agents. 

[0012] In at least one aspect, the invention relates to a downhole 
sampling tool for sampling a formation fluid from a sub- 
terranean formation. The downhole tool comprises a 
probe for drawing the formation fluid from the subter- 
ranean formation into the downhole tool, a main flowline 
extending from the probe for passing the formation fluid 
from the probe into the downhole tool, at least one sam- 
ple chamber operatively connected to the main flowline 
for collecting the formation fluid therein and an exit flow 
line operatively connected to the sample chamber for se- 
lectively removing a contaminated and/or clean portion of 
the formation fluid from the sample chamber whereby 
contamination is removed from the formation fluid. 

[0013] In another aspect, the present invention relates to a 
method for sampling a formation fluid from a subter- 
ranean formation via a downhole tool. The method pro- 
vides for positioning a downhole tool in a wellbore, estab- 
lishing fluid communication between the downhole tool 
and the surrounding formation, drawing fluid from the 
formation into the downhole tool, collecting the formation 
fluid in at least one sample chamber and withdrawing one 
of a contaminated portion of the formation, a clean por- 



tion of the formation fluid and combinations thereof from 
the sample chamber. 

[0014] In yet another aspect, the present invention relates to a 
sampling system for removing contamination from a for- 
mation fluid collected by a downhole tool from a subter- 
ranean formation. The system comprises at least one 
sample chamber positioned in the downhole tool for re- 
ceiving the formation fluid and an exit flow line opera- 
tively connected to the sample chamber for selectively re- 
moving a contaminated and/or a clean portion of the for- 
mation fluid from the sample chamber whereby contami- 
nation is removed from the formation fluid. 

[0015] The present invention may also relate to a downhole sam- 
pling tool, such as a wireline tool, drilling tool or coiled 
tubing tool. The sampling tool includes means, such as a 
probe, for drawing fluid into the downhole tool, a flowline, 
a pump and at least one sample chamber. The flowline 
connects the probe to the sample chamber and the pump 
draws fluid into the downhole tool. The at least one sam- 
ple chamber is adapted to collect formation fluid for sep- 
aration therein into clean and contaminated fluid. The 
clean fluid may be collected by transferring the clean fluid 
into a separate storage chamber and/or by removing the 



contaminated fluid from the sample chamber. 

[0016] The sample chamber may include a first sample chamber 
and a second sample chamber. A transfer flowline may be 
used for passing formation fluid from the first sample 
chamber to the second sample chamber. A dump flowline 
may also be provided for passing contaminated fluid from 
the at least one sample chamber to the borehole. 

[0017] The sample chamber may be provided with sensors to de- 
termine formation parameters and/or the separation of 
the fluid in the sample chamber. The sensors may be po- 
sitioned in one of the flowlines, the at least one sample 
chambers and combinations thereof. A fluid analyzer ca- 
pable of monitoring the fluid content may also be pro- 
vided. 

[0018] Separators, such as pebbles, chemicals, demulsifiers or 
other catalysts or activators, may be placed in the cham- 
ber to facilitate separation. The sample chamber may al- 
low for vertical separation of fluid into stacked layers. Al- 
ternatively, for example if the tool is spinning, the fluid 
may separate into radial layers. The sample chamber has a 
piston slidably movable therein. The piston separates the 
sample chamber into a sample cavity and a buffer cavity. 
The piston also separates the sampled fluid from a buffer 



fluid. Pressure may be applied to the sample fluid and/or 
to the buffer fluid to manipulate the pressures therein. 
[0019] The tool may be provided with exit flowline extending 
from the at least one sample chamber, the exit flowline 
adapted to remove fluid from the sample chamber. The 
exit flowline may extend from the at least one sample 
chamber to the borehole whereby contaminated fluid is 
dumped from the sample cavity into the borehole. The 
exit flowline may also extend from the at least one sample 
chamber to a collection chamber whereby formation fluid 
is collected. 

[0020] The exit flowline is provided with a snorkel flowline posi- 
tionable in the sample chamber for selective removal of 
fluid therefrom. The tool may be provided with a fluid 
analysis means, such as an optical fluid analyzer for mon- 
itoring the fluid flowing through the tool. The tool may be 
provided with a gas accumulator to allow gas bubbles to 
collect before passing into the sample chamber. The gas 
accumulator is operatively coupled to the sampling flow- 
line and is capable of allow gas bubbles to group together 
before passing into the sample chamber. Various configu- 
rations of flowlines and sample chambers may be used to 
allow the fluid to be separated into desired modules or 



removed from the tool. 

[0021] The invention may also relate to a method for sampling a 
subterranean formation via a downhole tool. The method 
comprises positioning a downhole tool in a wellbore, es- 
tablishing fluid communication between the downhole 
tool and the surrounding formation, drawing fluid from 
the formation into the downhole tool, collecting the fluid 
in a sample chamber, and separating contaminated fluid 
from the formation fluid. 

[0022] The fluid may be separated by withdrawing the contami- 
nated fluid from the sample chamber. Alternatively, the 
fluid may be separated by transferring the clean fluid into 
a collection chamber. The contaminated fluid may be 
dumped from the downhole tool. The fluid may be ana- 
lyzed to identify the clean and/or contaminated fluid. 
Fluid may be separated by allowing it to settle, by agita- 
tion or by providing additives, such as chemicals, pebbles 
or demulsifiers to facilitate separation. 

[0023] Other aspects and advantages of the invention will be ap- 
parent from the following description and the appended 
claims. 

Brief Description of Drawings 
[0024] Fig. 1 is a schematic view of a conventional drilling rig and 



downhole tool. 

[0025] Fig. 2 is a detailed, schematic view of the downhole tool of 
Figure 1 depicting a fluid sampling system having a 
probe, sample chambers, pump and fluid analyzer. 

[0026] Fig. 3A is a detailed, schematic view of one of the sample 
chambers of Figure 2 depicting separation of fluid with 
contamination falling to the bottom. Fig. 3B is a detailed, 
schematic view of one of the sample chambers of Figure 2 
depicting separation of fluid with contamination rising to 
the top. 

[0027] Fig. 4 is schematic view of an alternate embodiment of the 
sample chamber of Fig. 3B having a second flowline with a 
snorkel, and sensors. 

[0028] Fig. 5 is a schematic view of an alternate embodiment of 
the sample chamber of Fig. 3A having a dump flowline. 

[0029] Fig. 6 is a schematic view of an alternate embodiment of 
the sample chamber of Fig. 3A or 3B depicting radial sep- 
aration therein. 

[0030] Fig. 7 is a schematic view of the sample chamber of Fig. 
3A or 3B having pebbles therein. 

[0031] Fig. 8 is a schematic view of an alternate embodiment of 
the downhole tool of Figure 2 depicting another configu- 
ration of the sampling system having a gas accumulator. 



Detailed Description 

[0032] Presently preferred embodiments of the invention are 
shown in the above-identified figures and described in 
detail below. In describing the preferred embodiments, 
like or identical reference numerals are used to identify 
common or similar elements. The figures are not neces- 
sarily to scale and certain features and certain views of the 
figures may be shown exaggerated in scale or in 
schematic in the interest of clarity and conciseness. 

[0033] Referring to Figure 1, an example environment within 

which the present invention may be used is shown. In the 
illustrated example, the present invention is carried by a 
downhole tool 10. An example commercially available tool 
10 is the Modular Formation Dynamics Tester (MDT^"^) by 
Schlumberger Corporation, the assignee of the present 
application and further depicted, for example, in US 
Patent Nos. 4,936,139 and 4,860,581 hereby incorporated 
by reference herein in their entireties. 

[0034] The downhole tool 10 is deployable into bore hole 14 and 
suspended therein with a conventional wire line 18, or 
conductor or conventional tubing or coiled tubing, below 
a rig 5 as will be appreciated by one of skill in the art. The 
illustrated tool 10 is provided with various modules and/ 



or components 12, including, but not limited to, a fluid 
sampling system 18. The fluid sampling system 18 is de- 
picted as having a probe used to establish fluid communi- 
cation between the downhole tool and the subsurface for- 
mation 16. The probe 26 is extendable through the mud- 
cake 15 and to sidewall 17 of the borehole 14 for collect- 
ing samples. The samples are drawn into the downhole 
tool 10 through the probe 26. 

[0035] While Figure 1 depicts a modular wireline sampling tool 
for collecting samples according to the present invention, 
it will be appreciated by one of skill in the art that such 
system may be used in any downhole tool. For example, 
the downhole tool may be a drilling tool including a drill 
string and a drill bit. The downhole tool may be of a vari- 
ety of tools, such as a Measurement-While-Drilling 
(MWD), Logging-While Drilling (LWD), coiled tubing or 
other downhole system. Additionally, the downhole tool 
may have alternate configurations, such as modular, uni- 
tary, wireline, coiled tubing, autonomous, drilling and 
other variations of downhole tools. 

[0036] Referring now to Figure 2, the fluid sampling system 18 of 
Figure 1 is shown in greater detail. The sampling system 
18 includes a probe 26, flowline 27, sample chambers 



28A and 28B, pump 30 and fluid analyzer 32. The probe 
26 has an intake 25 in fluid communication with a first 
portion 27a of flowline 27 for selectively drawing fluid 
into the downhole tool. Alternatively, a pair of packers 
(not shown) may be used in place of the probe. Examples 
of a fluid sampling system using probes and packers are 
depicted in US Patent Nos. 4,936,139 and 4,860,581, pre- 
viously incorporated herein. 

[0037] The flowline 27 connects the intake 25 to the sample 
chambers, pump and fluid analyzer. Fluid is selectively 
drawn into the tool through the intake 25 by activating 
pump 30 to create a pressure differential and draw fluid 
into the downhole tool. As fluid flows into the tool, fluid is 
preferably passed from flowline 27, past fluid analyzer 32 
and into sample chamber 28B. The flowline 27 has a first 
portion 27A and a second portion 27B. The first portion 
extends from the probe through the downhole tool. The 
second portion 27B connects the first portion to the sam- 
ple chambers. Valves, such as valves 29A and 29B are 
provided to selectively permit fluid to flow into the sample 
chambers. Additional valves, restrictors or other flow con- 
trol devices may be used as desired. 

[0038] As the fluid passes by fluid analyzer 32, the fluid analyzer 



is capable of detecting fluid content, contamination, opti- 
cal density, gas oil ratio and other parameters. The fluid 
analyzer may be, for example, a fluid monitor such as the 
one described in U.S. Patent Nos. 6,178,815 to Felling et 
al. and/or 4,994,671 to Safinya et al., both of which are 
hereby incorporated by reference. 

[0039] jhe fluid is collected in one or more sample chambers 
28B for separation therein. Once separation is achieved, 
portions of the separated fluid may either be pumped out 
of the sample chamber via a dump flowline 34, or trans- 
ferred into a sample chamber 28A for retrieval at the sur- 
face as will be described more fully herein. Collected fluid 
may also remain in sample chamber 28B if desired. Alter- 
natively, contaminated fluid may be pumped out of the 
sample chamber and into the borehole (flowline 34 in Fig. 
2) or another chamber. 

[0040] Referring to Figures 3A and 3B, separation of the fluid in 
sample chamber 28B is depicted in greater detail. Figures 
3A and 3B depict a sample chamber having a piston 36 
that separates the sample chamber into a sample cavity 
38 for collecting sample fluid and a buffer cavity 40 con- 
taining a buffer fluid. As fluid flows into the sample cavity, 
the piston slidably moves within the sample chamber in 



response to the pressures in the cavities. Fluid begins to 
fill the chamber and separate. Typically, as depicted, con- 
taminates and/or contaminated fluid 37 separates from 
the clean, formation fluid 39 in layers. Depending on the 
fluid properties, the contaminated fluid may settle at the 
bottom as depicted in Figure 3A, or rise to the top as de- 
picted in Figure 3B. 
[0041] jhe sample chamber of Figure 3A is provided with a sin- 
gle flowline 27B for passing fluid into and out of the sam- 
ple chamber. Once fluid is separated, the clean fluid de- 
picted as rising to the top in Figure 3A may be pumped 
out of the sample chamber 28B and into sample chamber 
28A for collection therein (Figure 2). Once the transfer is 
complete, the remaining contaminated fluid may be 
pumped out of dump line 34 and into the borehole. The 
fluid analyzer 32 may be used to monitor the fluid 
pumped into sample chamber 28A to verify that it is suffi- 
ciently clean fluid. Once contaminated fluid is detected, 
the transfer may be terminated. The transfer may be re- 
peated between multiple chambers until the desired fluid 
is collected. 

[0042] Jhe sample chamber of Figure 3B is also provided with a 
single flowline 27B for passing fluid into and out of the 



sample chamber. Once fluid is separated, the contami- 
nated fluid depicted as rising to the top in Figure 3B may 
be pumped out of the sample chamber 28B, through 
dump line 34 and into the borehole. If desired, the dump 
flowline may be positioned so that the contaminated fluid 
passes through the fluid analyzer 32 so that the contami- 
nated fluid may be monitored. Once sufficiently clean fluid 
is detected, the transfer may be terminated. The transfer 
and/or dumping processes may be repeated until the de- 
sired fluid is collected. 
[0043] Referring now to Figure 4, the sample chamber 28B may 
be provided with a second flowline 42 for selectively re- 
moving fluids. With a second flowline and valve, fluid may 
be passed into the sample cavity via flowline 27B and re- 
moved via flowline 42. When removing formation fluid, 
the flowline 42 as depicted in Figure 4, is preferably pro- 
vided with a snorkel 44 for facilitating the capture and re- 
moval of fluid into flowline 42. The snorkel may be posi- 
tioned at various levels in the sample chamber to obtain 
removal of the desired fluid. In this way, if the clean fluid 
falls to the bottom of the sample cavity, the snorkel may 
be lowered to the desired level to remove a lower layer of 
fluid, in this case, the clean fluid. 



[0044] jhe sample chamber may be provided with sensors 46 

positioned along the sample chamber wall. These sensors 
may be used to detect the location of fluid and/or various 
fluid properties (ie. density, viscosity) in the sample 
chamber. The sensors may also be used to detect the lo- 
cation of pistons, flowlines, snorkels, or other items 
within the chamber. 

[0045] Various configurations of flowlines may be positioned for 
entry or removal of fluid in the sample chamber. While 
flowline 27B is depicted as being at the top left of the 
chamber, the flowlines may be positioned at various loca- 
tions to facilitate the sampling and/or separation pro- 
cesses. As shown in Figure 5, fluid enters the sample 
chamber 28B via flowline 27B. The second flowline 48 is 
passes through the piston and the buffer cavity. This per- 
mits removal of the fluid at the bottom of sample cavity 
38 via flowline 48. As the piston moves, the second flow- 
line preferably moves with the piston. The flowline may be 
telescoping as shown to permit the tube to extend and re- 
tract with the piston. 

[0046] Another sample chamber configuration is depicted in Fig- 
ure 6. As described above, the downhole tool may be a 
drilling tool. In such cases (and some others), the tool ro- 



tales and typically applies a centripetal force to the sam- 
ple cavity. This centripetal force rotates the fluid and 
causes it to separate into radial layers. As shown in Figure 
6, the central portion of the sample cavity may be clean 
fluid 39A, while the outer layer is contaminated 39B (or 
vice versa not shown). The flowlines may be positioned 
such that one flowline, such as the flowline 27B, is located 
centrally while the second flowline 42 is located at or near 
the outer layer. Other configurations may be envisioned. 

[0047] Various techniques may be employed to facilitate the sep- 
aration process. For example as shown in Figure 7, peb- 
bles 50 may be placed in the sample cavity to assist in 
pulling certain fluids toward the bottom of the chamber. 
Various chemical additives, such as demulsifiers (ie. 
sodium lauryl sulfate) may also be inserted into the fluid 
to assist in separation. Agitation, such as the centripetal 
rotation of the tool, may also assist in separation. 

[0048] Referring now to Figure 8, another embodiment of the 

downhole tool 10a of Figure 2 is depicted. This downhole 
tool 10a is the same as the downhole tool 10 of Figure 2, 
except that it is a drilling tool including a fluid sampling 
system 18a with multiple sample chambers 28B and a gas 
accumulator 52. Additionally, the various components and 



modules have been rearranged. The downhole tool 10a 
shows that a variety of configurations may be used. In 
cases where the tool is modular, the modules may be re- 
arranged as desired to allow a variety of other operations 
in the downhole tool. Multiple sample chambers may be 
used with a variety of valving options. The fluid analyzer 
and pump may be positioned as desired to allow for mon- 
itoring and movement as desired. 

[0049] The tool may be provided with additional devices, such as 
a gas accumulator 52, capable of allowing gas bubbles to 
gather and consolidate. Once the gas collects to a suffi- 
cient size, it will move as a single slug for more efficient 
separation and disposal. 

[0050] The tool may also be provided with sensors at various po- 
sitions, such as in the sample chamber as depicted in Fig- 
ure 4, or at various positions in the sampling system. 
These sensors may determine a variety of readings, such 
as density and resistivity. This information may be used 
alone or in combination with other information, such as 
the information generated by the fluid analyzer. The data 
collected in the tool may be transmitted to the surface 
and/or used for downhole decision making. Appropriate 
computer devices may be provided to achieve these capa- 



bilities. 

[0051] While the invention has been described with respect to a 
limited number of embodiments, those skilled in the art, 
having benefit of this disclosure, will appreciate that other 
embodiments can be devised which do not depart from 
the scope of the invention as disclosed herein. Accord- 
ingly, the scope of the invention should be limited only by 
the attached claims. 



